The social brain hypothesis posits that frequent social interactions, characteristic of group 14 living species, select for greater socio-cognitive abilities and the requisite neural machinery. An 15 extension of the social brains hypothesis, known as the cooperative breeding brain hypothesis, 16
Neural tissue is costly to grow and maintain, and brains are therefore expected to be no larger 33 than is necessary to support survival and reproduction (Aiello and Wheeler 1995). However, larger 34 brains, relative to body size, may arise when there is selection on cognitive capacity (Jerison 1973 ). For 35 example, across primates the incidence of behavioural innovation and tool use are positively correlated 36 with brain size (Reader and Laland 2002) . In the Trinidadian guppy (Poecilia reticulata (Peters, 37 1859)), fish that were artificially selected for larger brain size outperformed smaller brained fish in a 38 learning assay, but also developed smaller guts, suggesting a tradeoff between costly tissues (Kotrschal 39 et al. 2013 ). The social brain hypothesis predicts that social living may be a particularly strong selective 40 force on cognitive capacity and hence driver of increased brain size (Dunbar 1998). According to this 41 hypothesis, group living is cognitively demanding, because social animals must recognize, interact 42 with, and behave appropriately towards a potentially large number of conspecifics and thus require 43 greater neural machinery in order to succeed in these tasks (Dunbar 1998). However, it has been argued 44 that not all of these socio-cognitive abilities are necessarily required in all social animals (Dunbar and 45 Shultz 2007). In fact, many social species form large, relatively anonymous, fission-fusion societies in 46 which complex social relationships between group members may be absent (Krause and Ruxton 2002) . 47 Therefore, it is perhaps unrealistic to expect that group living in and of itself will necessarily drive 48 selection on increased brain size. Instead, it is possible that the depth and complexity of social The explosive radiation of cichlid fishes in the African Great Lakes has made cichlids a model 65 system for the study of ecology and evolution (Salzburger et al. 2005 To supplement our field-collected data, we searched the literature for published accounts of 97 Lamprologine body and brain masses. We found a single source that presents mean body mass and 98 mean brain mass for males and females of eight additional Lamprologine cichlid species, including 99 three cooperatively-breeding species, and five independently-breeding species (Gonzalez-Voyer et al. 100
2009a). These data were drawn from a mixture of male and female fish collected from the field using 101 methods similar to those used in our field collections. See Supplementary Table 2 values >200. Within BEAST v1.8, the program TreeAnnotator was used to find the best-supported tree, 125 using a burnin of 10%, set with a posterior probability limit of zero, and a maximum clade credibility 126 tree as the target tree type. The mean heights of each node were set so the final, consensus tree would 127 have the mean height at each node of all the samples (Drummond et al. 2006). Out-group species were 128 trimmed using MESQUITE. The final tree was visualized using the package "phytools" (Revell 2012) 129 within R version 3.1.2 (R Core Team, 2014). Our phylogenetic tree ( between brain mass and social system, including body mass, and the interaction effect between body 136 mass and social system, as covariates. We performed two analyses. First, we performed an analysis 137 where we used individual data for the eight species for which we had field-collected data. For this 138 analysis, the additional species with only mean values available were trimmed from the phylogenetic 139 tree using MESQUITE. Second, we performed an analysis on all sixteen species using the mean values However, our field-collected data included only males and the literature values we found were not split 227 by sex, precluding any investigation of potential sex specific patterns of brain size in relation to social 228 system. Future work is now needed to address the relationship between sex, social system and brain 229 size in the Lamprologine cichlids.
Finally, the lack of pattern we observed between cooperatively and independently breeding 231
Tanganyikan cichlids could simply result from small sample sizes at the species level, the individual 232 level, or both. Indeed, we had only eight species in our field collected sample and 16 species in our 233 total sample, both of which are substantially fewer than the number used in the previous study on birds 234 (Iwaniuk and Arnold Log body mass (g) Log brain mass (g)
